Comments on Draft report- E on- Kentucky Utilities- Pineville Generating Station
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Company: See attached letter dated January 26, 2011



Generation Services

VIA OVERNIGHT DELIVERY

Mr. Stephen Hoffman

U.S. Environmental Protection Agency
Two Potomac Yard

2733 South Crystal Drive

Fifth Floor, N-5237

Arlington, VA 22202-2733

January 26, 2011

Re: Kentucky Utilities’ Comments on
DRAFT Report of Geotechnical Investigation Dam Safety Assessment of Coal Combustion Surface
Impoundments Kentucky Utilities, a Subsidiary of E.ON U.S. Pineville Generating Station, Pineville, Kentucky

Dear Mr. Hoffman:

The U.S. Environmental Protection Agency (EPA) requested comments from Kentucky Utilities (KU) on a draft report
regarding the coal combustion byproduct impoundment at KU’s Pineville Generating Station. AMEC, an engineering
contractor for EPA, prepared the draft report dated September 2010 to provide results of an assessment of the structural
stability of one impoundment at Pineville Station, commonly referred to as the Pineville Ash Pond.

The scope of AMEC’s assessment included a site visit to perform visual observations of the impoundment and a review of
documentation provided by KU. As part of the assessment, AMEC assigned a condition rating and a hazard rating to the
Pineville Ash Pond using their engineering judgment and understanding of criteria developed by the EPA.

In conducting its assessment, AMEC utilized impoundment guidelines issued by the Mine Safety and Health
Administration (MSHA). However, the MSHA guidelines are aimed at coal slurry ponds at mine sites, rather than the
CCR impoundments found at a power plant. The MSHA standards are not legally applicable to our impoundments and in
fact differ substantially from the standards that are applicable to our facilities. As you know, over the past two years EPA
has assessed impoundments at several other facilities owned by KU or its affiliates. None of the EPA contractors
conducting assessments of our facilities has utilized MSHA guidelines in preparing its reports. In fact, of the dozens of
assessments of power plant impoundments that EPA has conducted across the nation, we are unaware of any EPA
contractor other than AMEC utilizing MSHA guidelines in preparing its reports. Consequently, we object to the use of
MSHA guidelines for inspection of our facilities because they are legally inapplicable, inappropriate from a technical
standpoint, and inconsistent with past EPA practice. In the present situation, where EPA is conducting nation-wide
assessments to determine whether CCR impoundments pose any significant risk to the public, it is particularly
inappropriate for EPA to apply differing standards depending on the EPA contractor that conducts the assessment.

We disagree with the “poor” condition rating which AMEC has assigned to each of our impoundments. Based on AMEC’s
site inspection in August of 2010, AMEC found “no major operational or maintenance issues that needed to be addressed.”
However, AMEC determined to assign a poor condition rating based on the absence of certain information specified under
the MSHA guidelines. It is entirely permissible under the MSHA guidelines to consider methods and procedures and other
information that falls outside the gambit of the MSHA program to verify the safety of an impoundment.

According to the preface of MSHA’s Engineering and Design Manual Coal Refuse Disposal Facilities, Second Edition,
May 2009: “The guidance presented in this Manual represents information, methods and procedures that are
recommended for consideration by designers, coal operators, and regulators. The guidance presented in this Manual is
not regulation and cannot be enforced as such. It is not intended to preclude the application of other credible methods and
procedures or the use of other and new information that will result in a safe and reliable coal refuse disposal facility.”
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Kentucky has established a dam safety regulatory program under KRS Chapter 151 which involves permitting and
inspection of impoundments. KRS 150.295 directs the Secretary of the Energy and Environment Cabinet (EEC) to inspect
dams and reservoirs on a regular schedule. KRS 151.100 defines the word dam to mean any artificial barrier, including
appurtenant works, which does or can impound or divert water and which either (a) is or will be 25 feet or more in height
or (b) has or will have an impounding capacity at maximum water storage elevation of 50 acre-feet or more. All such dams
are subject to the provisions of KRS Chapter 151 and are regulated by the EEC, Department for Environmental Protection
(KY DEP).

The Secretary of the EPC is empowered by KRS 151 to administer and enforce the law using methods and procedures such
as adopting rules and regulations, routinely inspecting dams, issuing permits and certificates of inspection, requiring
owners to take action to protect life and property, and conducting studies and investigations as necessary to ensure
compliance. KY DEP maintains an experienced technical staff to enforce regulations and administer the methods and
procedures of the Secretary.

The EPC’s regulations incorporate two technical publications that provide methods and procedures for the design,
construction and safe operation of dams. These publications are The Division of Water Engineering Memorandum No. 5
and Guidelines for Geotechnical Investigation and Analysis of New and Existing Earth Dams. Kentucky professional
engineers have historically used these publications for the design and construction of numerous projects which have been
determined to be safe and reliable. These publications provide appropriately conservative methods and procedures for the
design, construction and operation of safe CCR impoundments. MSHA impoundment guidelines are designed to regulate a
broader array of potential dam integrity issues and materials with differing physical properties than CCRs. KU does not
consider the strict application of MSHA impoundment guidelines to be necessary or appropriate for CCR impoundments.
Nor does KU interpret the MSHA guidelines as precluding reliance on relevant information available under the Kentucky
Dam Safety program or otherwise available to EPA.

According to Kentucky regulations, the Pineville Ash Pond is not large enough to be classified as a dam and does not
present a hazard to life or property. Out of an abundance of caution and to assist KY DEP, EPA and AMEC, KU has
conducted a suite of additional studies and investigations to confirm the safety of the Pineville Ash Pond. The studies and
investigations included a comprehensive geotechnical exploration, an instrumentation program, a geological laboratory
testing program, a slope stability analysis, a hydrologic and hydraulic analysis, and a recent engineering condition
assessment by an independent registered professional engineer. These further studies concluded that the Pineville Ash
Pond is in acceptable condition.

KU has included these additional studies, clerical and technical corrections to AMEC’s draft report as the following
attachments to this letter.

Attachment 1 —KU’s Comments - clerical and technical corrections to DRAFT Report of Geotechnical Investigation Dam
Safety Assessment of Coal Combustion Surface Impoundments Kentucky Utilities, a Subsidiary of E.ON
U.S. Pineville Generating Station, Pineville, Kentucky

Attachment 2 - Report of Geotechnical Exploration and Slope Stability Analyses Kentucky Utilities (KU) Pineville Power
Station Ash Pond Fourmile, Bell County, Kentucky, September 8, 2010, Mactec Engineering and

Consulting, Inc.

Addendum A, Report of Geotechnical Exploration and Slope Stability Analyses KU Pineville Power Station
— Ash Pond, Fourmile, Bell County, Kentucky, January 19, 2011, Mactec Engineering and Consulting, Inc.

Attachment 3 — KU Pineville Ash Pond: Hydrologic and Hydraulic Assessment, January 17,2011, LG&E and KU
Services Company

Attachment 4 — Cover pages, cover letter, appendices A and C of 2011 Pond Inspections Visual Site Assessment Report Six
Impoundment Facilities, January 25, 2011, ATC Associates, Inc.
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KU respectfully requests that EPA direct AMEC, in finalizing the report, to refrain from applying MSHA guidelines and to
consider all information available under the Kentucky Dam Safety Program as well as the additional studies and
investigations performed by KU. KU believes that the additional information clearly shows the CCR impoundments at
Green River Station are in acceptable condition.

Also, please note that on November 1, 2010, the name of E.ON U.S. LLC was changed to LG&E and KU Energy LLC.
Consequently, any references to E.ON U.S. should be changed to LG&E and KU Energy.

We appreciate the opportunity to comment. If you have any questions regarding these comments, please contact me using
the information provided below.

Thank you,

David Millay, PE

Civil Engineer, LG&E and KU Services Company
Phone 502-627-2468

david.millay@lge-ku.com

Attachments

Cc: James Kohler, PE, U.S. Environmental Protection Agency
Gary Wells, PE, Kentucky Department of Environmental Protection (K'Y DEP) — Dam Safety Section
Michael Winkler, LG&E and KU Services Company
John Voyles, LG&E and KU Services Company
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Attachment 1

KU Comments-clerical and technical corrections to
DRAFT Report of Geotechnical Investigation Dam Safety Assessment of Coal Combustion
Surface Impoundments
Kentucky Utilities, a Subsidiary of E.ON U.S.
Pineville Generating Station, Pineville, Kentucky

AMEC Project No. 3-2106-0177.0003

Prepared by AMEC Earth & Environmental, Inc.,
September 2010



Attachment 1 KU Comments-clerical and technical corrections

KU General comments:

In Kentucky, CCR impoundments are regulated by the Energy and Environmental Cabinet, Department of Environmental
Protection, Division of Water. The U.S. Department of Labor, Mine Safety Health Administration (MSHA) does not
regulate CCR impoundments in Kentucky. MSHA impoundment guidelines are designed to regulate a broader array of
potential dam integrity issues and materials with differing physical properties than CCRs. KU does not consider the strict
application of MSHA impoundment guidelines to be necessary or appropriate for CCR impoundments in Kentucky.

Inside of cover page
“Kentucky Utilities a wholly owned subsidiary of E.ON U.S., Pineville Generating Station...”

Page 1, 1.1 Introduction
First paragraph, fourth line:
“...perform a site assessment of Kentucky Utilities (a wholly owned Ssubsidiary of E.ON U.S.) Pineville Generating...”

Page 1, Table 1. Site Visit Attendees

E-ONILS- Kentucky Utilities Barry Currens, Manager Tyrone Operations
£E-ONLLS- Kentucky Utilities Michael P. Luster, Contract Administrator

E.ON U.S., Environmental Affairs Roger J. Medina, Senior Chemical Engineer
E.ON U.S., Generation Engineering David Millay, P.E., Civil Engineer
Kentucky Utilities Michael Ross, Pineville Maintenance Contractor

Page 1, section 1.2 Project Background

First paragraph, third, fourth, and fifth lines

“The last operational unit, Unit 3 at tZhe Pineville Generating Station was retired in 2001-and—ispermanenth—ont-of
service. The station no longer generates power, but the boiler-turbine building is still used as an electrical control facility.
Although all of the generating units are pla#ts retired, an ash pond on site contains previously generated CCW.”

Page 2, section 1.2 Project Background
First, second and third paragraphs

“Based on a site visit evaluation of the impoundments, AMEC engineers assigned a “Significant Hazard Potential”
classification to the Pineville Ash Pond”

KU Notes:

Refer to KRS 151.250

“ 151.250 Plans for dams, levees, etc. to be approved and permit issued by cabinet -- Jurisdiction of Department for
Natural Resources.

(1) Notwithstanding any other provision of law, no person and no city, county, or other political subdivision of the state,
including levee districts, drainage districts, flood control districts or systems, or similar bodies, shall commence the
construction, reconstruction, relocation or improvement of any dam, embankment, levee, dike, bridge, fill or other
obstruction (except those constructed by the Department of Highways) across or along any stream, or in the floodway of
any stream, unless the plans and specifications for such work have been submitted by the person or political subdivision
responsible for the construction, reconstruction or improvement and such plans and specifications have been approved in
writing by the cabinet and a permit issued. However, the cabinet by regulation may exempt those dams, embankments or
other obstructions which are not of such size or type as to require approval by the cabinet in the interest of safety or
retention of water supply.”

The Pineville Ash Pond is exempt from Kentucky dam safety regulations as it is not of such size to require approval by the
cabinet in the interest of safety.
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Attachment 1 KU Comments-clerical and technical corrections

Page 3, section 1.4.1 Ash Handling and Flow Summary
First paragraph

KU Notes: To clarify, the Process Flows Narrative provided by KU did not state, “Pineville Generating Station is
permanently out of service”. The narrative does state that plant operations were discontinued in 2001.

For ready reference, a copy of the Process Flows Narrative is included below:

“Pineville Generating Station (Retired) - Ash Treatment Basin (also known as Pineville Ash Pond)
Process Flows Narrative — August 2010

The Pineville plant ash treatment basin is less than 7 acres of surface area. The basin receives one process water flow from
the retired Pineville plant and rainfall runoff flows from several areas. The basin discharges from a rectangular reinforced
concrete decant structure with reinforced concrete stoplogs to control pond-level. A floating skimmer is installed upstream
of the decant structure to prevent the potential discharge of floating solids or oil sheens. The flow is conveyed to a
Kentucky Pollution Discharge Elimination System (KPDES) monitoring and sampling point. This monitoring/sampling
point consists of a concrete structure with a stainless steel v-notched-weir. Flow from the monitoring/sampling point
structure discharges to a rip-rap lined channel which directs flow to the Cumberland River downstream of the plant
buildings.

The sole process flow to the ash basin comes from the plant boiler-turbine building basement sump pumps, which receive
only groundwater infiltration since plant operations were discontinued in 2001. These flows are pumped to an oil-water
separator adjacent the plant building and the cleaned effluent flows to a final sump which is pumped to the ash basin. The
rainfall runoff areas which are pumped to the ash basin include the 2 substations immediately northeast of the plant boiler-
turbine building as well as the roof drains. These runoff flows drain to the same sump adjacent the building which receives
the oil-water separator cleaned discharge,; the combined flows are pumped to the ash basin. The ash pond also receives
rainfall runoff flows associated with the watershed basin of the pond itself and also runoff from portions of a substation
located uphill. The substation is graded to drain through oil-containment barriers prior to flowing into the basin.”

Page 3, section 1.4.1 Ash Handling and Flow Summary
First paragraph

KU Note: The Pineville Ash Pond was designed by a professional engineer, J.M. McLaughlin, Kentucky Professional
Engineer number 9039. Reference Sargent & Lundy project drawings transmitted by KU to AMEC on July 30, 2010.

Page 5, section 2.2 Pineville Ash Pond — Visual Observations
First paragraph, first sentence

“The Pineville Ash Pond contains fly ash, bottom ash, beierstag and other low volume wastes.”

KU Note: The definition of Boiler Slag from the American Association of Coal Ash is as follows: a molten ash collected
at the base of slag tap and cyclone furnaces that is quenched with water and shatters into black, angular particles having a
smooth, glassy appearance.”

Pineville Generating Station did not operate slag tap or cyclone furnaces.

Page 6, section 2.3 Monitoring Instrumentation
First paragraph, first sentence

KU Note: The Pineville Ash Pond was designed and constructed with a weirbox structure and metal plate v-notch weir at
the ash pond flow measurement structure. Weirs are instruments used to measure and monitor flow.

Page 10, section 3.2.1 Pineville Ash Pond
Second paragraph
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Attachment 1 KU Comments-clerical and technical corrections

“Based on its size, the Pineville Ash Pond qualifies for the first, smaller category as defined by MSHA in Table 2”

KU Note: The Pineville Ash Pond does not qualify for any MSHA category because MSHA does not have jurisdictional
authority to regulate the Pineville Ash Pond.

The Pineville Ash Pond is exempt from Kentucky regulations because it is small and does not create a hazard to life or
property.

Page 11, section 3.3 Structural Adequacy and Stability
First, second, and third paragraphs

KU Notes: There are four typographical errors where “Table 2 should be changed to “Table 3”.
Table 3 heading “Minimum Regired Dam Safety Factors”

KU suggests that AMEC should delete the word “required” as it does not apply to all three agencies published documents
regarding minimum safety factors.

Page 15, section 3.5.1 Instrumentation
Table 6

KU Notes: The Pineville Ash Pond was designed and constructed with a weirbox structure and a metal plate v-notch weir
at the ash pond flow measurement structure. Weirs are instruments used to measure and monitor flow.

See attachment 2 for additional piezometer readings.
Pages 17 section 4.1 Acknowledgement of Management Unit Conditions

KU Notes: KU has provided additional information that shows all the Pineville Ash Pond is not in poor condition. For the
draft and final reports, KU suggests that AMEC adjust the assigned condition rating to reflect the acceptable conditions.

Page 17, section 4.1.1 Hydrologic and Hydraulic Recommendations

KU Notes: A hydrologic and hydraulic study for the Pineville Ash Pond was completed in January, 2011 and is included
as attachment 3. Although the Pineville Ash Pond is exempt from Kentucky dam safety regulations, the study concluded
that the Pineville Ash Pond meets Kentucky regulations for a Class A, Low Hazard dam.

Page 18, section 4.1.2 Geotechnical and Stability Recommendations

KU Notes: A comprehensive geotechnical exploration and slope stability analysis for the Pineville Ash Pond was
completed in September, 2010 and is included as attachment 2. The results of the analysis are summarized in Table 1.
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Attachment 1 KU Comments-clerical and technical corrections

Table 1
Pineville Ash Pond-Slope Stability Analysis September 2010
Lowest Factor of Safety (FOS) vs. KDOW and USACE Guidelines*
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*Lowesl safety factor represents the most conservative calculated FOS of the upstream or downstream condition as compared to the KDOW and USACE minumum
reccomended values

Page 18, section 4.1.3 Monitoring and Instrumentation Recommendations

KU Notes: KU continues to periodically monitor instrumentation including piezometers and the principal spillway weir at
the Pineville Ash Pond.

Page 19, section 4.1.4 Inspection Recommendations

“AMEC has reviewed provided information consisting of one inspection record by ATC dated Jarweary10—2040 October
23, 2009 for the Pineville Ash Pond.”

KU Notes: ATC Associates conducted an independent third party inspection of the Pineville Ash Pond in January, 2011.

ATC do not recognize any dam safety deficiencies and noted only routine minor maintenance items. KU is developing
plans to address the priority maintenance items in 2011.
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Attachment 2

Report of Geotechnical Exploration and Slope Stability Analyses
Kentucky Utilities (KU) Pineville Power Station Ash Pond
Fourmile, Bell County, Kentucky

September 8, 2010,
Mactec Engineering and Consulting, Inc.

Addendum A, Report of Geotechnical Exploration and Slope Stability Analyses
KU Pineville Power Station — Ash Pond
Fourmile, Bell County, Kentucky,

January 19, 2011
Mactec Engineering and Consulting, Inc.



ZMACTEC

REPORT OF GEOTECHNICAL EXPLORATION AND SLOPE
STABILITY ANALYSES

KENTUCKY UTILITIES (KU)
PINEVILLE POWER STATION ASH POND
FOURMILE, BELL COUNTY, KENTUCKY

Prepared For:

e-on ‘ US.

E. ON U.S. Services, Inc.
220 West Main Street
Louisville, Kentucky 40202

E.ON U.S. Contract Number 31528

Prepared By:

MACTEC ENGINEERING AND CONSULTING, INC.
13425 Eastpoint Centre Drive, Suite 122
Louisville, Kentucky 40222
MACTEC PROJECT 3143-10-1317.03

September 8, 2010
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KU Pineville Power Station — Fourmile, Bell County, Kentucky September 8, 2010
MACTEC Project Number 3143-10-1317.03 Report of Geotechnical Exploration/Slope Stability Analyses

1. EXECUTIVE SUMMARY

Kentucky Utilities (KU) retained MACTEC Engineering and Consulting, Inc. (MACTEC) to
provide geotechnical engineering consulting services and to conduct geotechnical explorations and
slope stability analyses on the Ash Pond at the KU Pineville Power Station in Fourmile, Bell
County, Kentucky. MACTEC’s engineering approach was based on 1) a systematic process of
obtaining and reviewing available data; 2) developing an exploration approach to efficiently obtain
additional data that is required to evaluate the stability of the structure and 3) assigning a project
team with all the requisite technical skills and experience necessary to fully evaluate the existing

impoundment conditions, competency and stability.

MACTEC assembled a geotechnical engineering team that met with KU representatives to outline
our engineering approach and geotechnical exploration. We reviewed various materials provided by
KU, including aerial photographs, topographic mapping and design drawings. MACTEC developed
a geotechnical exploratory drilling program, piezometer installation program and a geotechnical
laboratory testing program. This data was collaboratively used to model the slope stability of the
three selected cross-sections and deduce from those models the “critical” cross-sections based on
the target Factors of Safety recommended in the regulatory guidelines for this type of

impoundment.

The geotechnical exploration program was developed to obtain subsurface data along the 800 linear
feet of dam at areas we judged to be “critical” based on the topography and nature of the exposed
slope. A total of 150 feet of exploratory drilling in six soil test borings were advanced on both the
crest and toe of the dam. Two piezometers were installed in the crest borings to monitor the
pieziometric water level(s) within the embankment. The geotechnical laboratory testing program
consisted of extensive classification and strength tests. Generally, the dike was constructed of silty
to sandy clay fill reportedly excavated from a nearby borrow area (as shown on the design
drawings provided by KU). The clay fill was placed overlying existing alluvial soils comprised

predominately of clay with some sandy soils.

Based on our geotechnical exploration, results of laboratory testing and slope stability analyses, we
have concluded that the Ash Pond at the Pineville Power Station is structurally stable from a

geotechnical standpoint.



Page 4 of 76

KU Pineville Power Station — Fourmile, Bell County, Kentucky September 8, 2010
MACTEC Project Number 3143-10-1317.03 Report of Geotechnical Exploration/Slope Stability Analyses

2. PURPOSE AND SCOPE OF EXPLORATION

The purpose of this exploration was to obtain site specific subsurface information for the
development of slope models to analyze the stability of the existing Ash Pond at the KU Pineville
Power Station. The primary guidance documents for the development of our exploration and
analyses included: Kentucky Environment and Energy Cabinet, Water Infrastructure Branch, Dam
Safety Division Guidelines (primarily Engineering Memorandum Number 5 and KAR 401:030 -
Design Criteria for Dams and Associated Structures and “Guidelines for Geotechnical Investigation
and Analysis of New and Existing Earth Dams”) and the U.S. Army Corps of Engineers
Engineering Manual (USACE) EM 1110-2-1902. In addition, the “Engineering and Design
Manual” (dated May 2009) by Mine Safety and Health Administration (MSHA) was referenced for
seismic stability analyses. These guidance documents suggest a Factor of Safety (FOS) of 1.5 for
long-term, steady-state conditions using maximum storage pool (EM 1110-2-1902 suggests a FOS
of 1.4 for long-term, steady-state conditions using maximum surcharge pool); a FOS of 1.2 for
rapid drawdown (EM 1110-2-1902 suggests a FOS in the range of 1.1-1.3); and a FOS of 1.0 for

seismic conditions (MSHA suggests a FOS of 1.2 for seismic conditions).

Our scope of services included a review of aerial photographs and construction drawings provided
by KU, a review of available geologic and topographic mapping, performing site reconnaissance
and field exploratory drilling, laboratory testing, performing slope stability analyses and providing
recommendations specific to the Ash Pond. A total of six soil test borings were drilled to obtain
subsurface data at three cross-sections along the dam at areas we judged to be “critical” based on
the topography and nature of the exposed slope. The cross-sections are spaced on approximate 200
to 250 foot intervals along the existing embankment to obtain subsurface geotechnical data along
the crest and toe of the dike. Two piezometers were installed in the embankment crest to monitor
piezometric levels within the dam. Water levels in the piezometers were recorded after installation
on August 13, 2010 and again on August 25, 2010.

The scope of our services included an investigation of the geotechnical stability of the

embankments and did not include an environmental assessment.
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KU Pineville Power Station — Fourmile, Bell County, Kentucky September 8, 2010
MACTEC Project Number 3143-10-1317.03 Report of Geotechnical Exploration/Slope Stability Analyses

3. PROJECT INFORMATION

Project information for this exploration was provided by Mr. David J. Millay, P.E. during multiple
telephone conversations and electronic mail transmittals and a site visit held on August 13, 2010 in

conjunction with the field exploration.

KU retained MACTEC to provide geotechnical engineering consulting services on the Pineville
Power Station Ash Pond. This report presents a summary of our geotechnical exploration, slope
stability analyses, findings and conclusions pertinent to the Ash Pond. Herein, the term “site” shall

refer specifically to the Ash Pond at the KU Pineville Power Station.

The Ash Pond at the Pineville Power Station has a design surface area of approximately 6.5 acres
and was constructed in the late 1970s to manage fly ash collected from electrostatic precipitators.
The impoundment is partially diked, with a side-hill configuration consisting of two constructed
embankments at the west and south pond limits, totaling approximately 800 linear feet of
embankments. The reported crest elevation is 1,015 National Geodetic Vertical Datum of 1929
(NGVD) with a typical design crest width of approximately 12 feet. The bottom of pond elevation
is 1,000 feet NGVD. The downstream toe elevation varies with the lowest toe elevation of 1000.2
feet NGVD resulting in a maximum dam height of approximately 15 feet. The normal operating
pool elevation is approximately elevation 1,010 feet NGVD. The maximum theoretical pool
elevation is approximately 1,015 feet NGVD (principal spillway riser elevation). The downstream
design slope faces are nominally reported to be 2.5H:1V (horizontal to vertical) and the upstream

slopes (wet side) are nominally 2.5H:1V.

3.1 FILE REVIEW

KU representatives provided MACTEC with the following documents and drawings specific to this
project. MACTEC assembled a geotechnical engineering team who outlined an engineering

approach and geotechnical exploration based on a review of the provided data.

e Site Plan, Coal Pile Area, Pineville Power Station, Drawing No: C-1, dated
December 1, 1976, revised July 25, 1988, prepared by Sargent & Lundy
Engineers

e Ash Pond Flow Measurement Structure — Plan & Sections, Pineville Power
Station, Drawing No: C-5, dated December 1, 1976, revised July 25, 1988,
prepared by Sargent & Lundy Engineers
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KU Pineville Power Station — Fourmile, Bell County, Kentucky September 8, 2010
MACTEC Project Number 3143-10-1317.03 Report of Geotechnical Exploration/Slope Stability Analyses

e Ash Pond Area — Section & Details, Pineville Power Station, Drawing No: C-7,
dated December 1, 1976, revised July 25, 1988, prepared by Sargent & Lundy
Engineers

e Ash Pond Weir Box Structures — Water Pollution Control Facilities, Pineville
Power Station, Drawing No: S-11, dated December 1, 1976, revised July 25,
1988, prepared by Sargent & Lundy Engineers

e E.ON Pineville Mapping, dated January 28, 2010, prepared by L. Robert
Kimball & Associates, LLC.

o Several Aerial Images of Pineville Power Station , untitled and undated, provided
by KU

3.2 SITEVISIT

Mr. David J. Millay, P.E. met with Mr. Nick Jones, E.I.T. of MACTEC on site on August 13, 2010
to perform a site reconnaissance and field exploration. A drilling plan which included the
advancement of a set of exploratory borings (one boring advanced on the crest and one boring
advanced on the downstream toe of the dike) spaced on approximate 200 to 250 foot intervals was
proposed by KU. Given that the length of the diked portion of the Ash Pond is approximately 800
feet, this spacing interval provided adequate coverage for the subsurface exploration. Further,
cross-sections were selected at areas judged to be “critical” based on the topography and the nature

of the exposed slope.

Based on our file review, discussions with KU and our site visit, MACTEC developed a
geotechnical exploratory drilling program, a pieziometric monitoring program, a geotechnical
laboratory testing program to assess the stability of the Ash Pond. This data was collaboratively
used to model the slope stability of the three selected cross-sections and deduce from those models
the “critical” cross-sections based on the target Factors of Safety recommended in the regulatory

guidelines for this type of impoundment.
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KU Pineville Power Station — Fourmile, Bell County, Kentucky September 8, 2010
MACTEC Project Number 3143-10-1317.03 Report of Geotechnical Exploration/Slope Stability Analyses

4. EXPLORATORY FINDINGS

4.1 SURFACE CONDITIONS

MACTEC conducted a site reconnaissance on August 13, 2010 during our drilling operations. The
site surface conditions were observed and documented and the information gathered was used to

interpret the subsurface data, and to detect conditions which could affect our recommendations.

The existing Ash Pond is located on the west side of the existing KU Pineville Power Station in
Fourmile, Bell County, Kentucky. The Pond is approximately 700 feet east of the Cumberland
River and is located about 0.25 miles west of U.S. Route 25 / Riverview Road. The pond was
constructed in the late 1970s to manage fly ash collected from electrostatic precipitators. The last of
three generating units (Unit 3) at the Pineville Power Station was retired in 2001; therefore the Ash

Pond is not receiving Coal Combustion Waste (CCW).

Surface cover consisted primarily of mowed grass along the crest and toe and the interior and
exterior slopes of the embankment. Isolated areas with sparse vegetation were found within the

pond.

4.2 SITE GEOLOGY

A review of the Geologic Map of the Pineville Quadrangle, Bell County, Kentucky, published by
the United States Geological Survey (USGS), dated 1964, indicates the site is underlain by
Alluvium deposits of Pleistocene and Holocene series of the Quaternary age and artificial fill.

Based on the USGS mapping, the underlying units are described as follows.

The Alluvium deposits are located throughout the site and are composed of flood plain and low-
level terrace deposits. The boundary between the two types of deposits is generally poorly defined

and gradational.

The alluvium consists of; silt, clay, sand and gravel. The silt and clay are described as light gray to
dark brown, laminated to thin bedded and rich in organic matter. The sand is described as light
gray to brown, fine to medium, well sorted with graded bedding and is composed of grains of
quartz with minor amounts of mica and detrital coal and rock fragments. Silt, clay and sand

deposits are generally thickest along the river banks. The gravel consists of well rounded pebbles,
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MACTEC Project Number 3143-10-1317.03 Report of Geotechnical Exploration/Slope Stability Analyses

cobbles and boulders of siltstone and coal from the Breathitt formation. Along the Cumberland
River, gravel also consists of clasts of limestone, quartz, chert and conglomeratic and quartzose
sandstone derived from rocks of Mississippian and Pennsylvanian age in the Cumberland

overthrust block to the southeast. The thickness of alluvium may be as much as 50 feet.

Alluvium of low-level terrace deposits is made up of sand, silt, gravel and clay. The sand, silt and
clay are described as light yellowish brown to brown and red, thin bedded to massive. The sand is
fine-grained, contains quartzose and scattered pebbles, cobbles and boulders. Gravel consists of
well rounded pebbles, cobbles and boulders of quartz, weathered chert and conglomeratic quartzose
sandstone as well as siltstone and coal from Breathitt formation. Gravel forms lenses as much as 5

feet thick in finer alluvium. The thickness of alluvium may be as much as 50 feet.

The artificial fill is shown within the power station and is assumed to be associated with earthwork

activities from plant construction and operation.

4.3 SOIL SURVEY

According to: the United States Department of Agriculture (USDA) Soil Survey of Bell and Harlan
Counties, Kentucky (Natural Resource Conservation Service (NRCS) website), dated October,
2009, the soils beneath the subject site consist primarily of Urdothents-Urban land complex (UrC)
on 3 to 15 percent slopes within the Ash Pond and embankment areas.

The Udorthents-Urban land Complex consists of “Udorthents, unstable fill, Urban land” and other
minor components. Udorthents, unstable fill consists of a deep to very deep mixture of geologic
and artificial materials that have been graded and smoothed in order to build urban structures. This
complex is generally 3 to 15 percent sloping in the site area. This complex is found on reclaimed
lands on mountain slopes on mountains. The parent material consists of loamy skeletal mine spoil
or earthy fill derived from interbedded sedimentary rock. Depth to a root restrictive layer is greater
than 60 inches. The natural drainage class is well drained. Available water to a depth of 60 inches is
very low. Shrink-swell potential is low. This soil is not flooded. There is no zone of water
saturation within a depth of 72 inches. Non-irrigated land capability classification is 6s. This soil

does not meet hydric criteria.
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Urban land generally consists of areas where the land surface is covered by commercial and
industrial buildings, houses, railroad yards, streets, parking lots, and other impervious surfaces.

This Urban land complex is generally 3 to 15 percent sloping in the mapped areas.

The following map shows the distribution of the two primary soil series found in the project area
(NRCS website).

Figure 1. USDA Soil Survey Map of Project Site
Source: Web Soil Survey — NRCS Website
Soil Survey Area: Bell and Harlan Counties, Kentucky
Survey Area Data: Version 9, Oct 23, 2009
Date aerial image was photographed: Sep 21, 2004
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4.4 SUBSURFACE CONDITIONS

A comprehensive field exploration program was developed to evaluate the existing impoundment’s
conditions, competency and stability according to the scope of services developed by MACTEC
and KU, the guidance documents previously referenced and MACTEC’s experience in the region.
Exploratory drilling and piezometer installations were performed in August 13, 2010. Drilling was
performed by Hoosier Drilling Contractors, LLC using a CME-55 drill rig equipped with an
automatic hammer. A MACTEC representative was on-site during the field work to direct drilling
operations, collect and classify samples. Drilling operations were performed in general accordance

with ASTM procedures for subsurface explorations as presented in Appendix.

The subsurface conditions were explored with six soil test borings. Borings labeled with the suffix
“C” represent borings drilled in the crest of the dike. Borings labeled with the suffix “T” represent
borings drilled in the toe of the embankment. Three borings were drilled along the crest of the dike
(herein referred to as B-1C through B-3C). Three borings were drilled along the toe of the dike
(herein referred to as B-1T through B-3T). All borings (except borings in which piezometers were

installed) were backfilled with cement-bentonite grout.

The planned boring locations were determined in the field by MACTEC using a hand-held GPS
unit for a total of three embankment cross-sections. The elevations of the borings were interpolated
from topographic mapping provided by KU. The boring locations and elevations discussed in this
report and shown in the Appendix should be considered accurate to the degree implied by the

method used. The boring locations, depths and elevations are summarized in Table 1.

Table 1. Boring Location Summary

Boring . . Top of Qround Bo!ring. Boé’ig\r;ggrl?c()frti)ng
ID Latitude Longitude Elevation (ft) Termination
(NGVD) Depth (ft) (NGVD)
B-1C 36.79546 -83.75891 1013.7 35.5 978.2
B-1T 36.79550 -83.75914 1000.6 155 985.1
B-2C 36.79490 -83.75898 1014.2 35.0 979.2
B-2T 36.79490 -83.75919 1000.2 155 984.7
B-3C 36.79450 -83.75834 1014.6 35.5 979.1
B-3T 36.79434 -83.75846 1001.7 155 986.2

Prepared By: VM
Checked By: ALB
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The subsurface conditions encountered at the test boring locations are shown on the Test Boring
Records in the Appendix. These Test Boring Records represent our interpretation of the subsurface
conditions based on the field logs, visual examination of field samples by an engineer, and tests of
the field samples. The interface between various strata on the Test Boring Records represents the
approximate interface location. In addition, the transition between strata may be gradual. Water
levels shown on the Test Boring Records represent the conditions only at the time of our

exploration.

The general subsurface conditions are summarized in the following sections:

Surface Layer - Fill — All of our borings encountered a surface fill layer, 0.2 to 0.5 feet thick,

consisting of grass and topsoil.

Beneath the Surface Layer, our borings generally encountered three soil strata (designated as
Stratum | through Stratum I11) consisting of fill material including clay fill (Stratum 1) and alluvial
soils including lean clay with varying amounts of sand (Stratum Il) and silty to gravelly sand
(Stratum I11).

Stratum | — Lean Clay (Fill) — Fill material consisting of lean clay was encountered in the crest
and toe borings, underlying the surface layer. This material is assumed to be structural fill placed
during the construction of the pond embankment. The fill extended to depths ranging from
approximately 12 to 15 feet in the crest borings and to about 2 feet in the toe borings.

This material generally consisted of orange brown, light brown and light gray, silty and sandy, lean
clay. Trace amounts of organics were occasionally encountered. The soils were visually classified
as “CL” type soils, clayey soils of low plasticity, according to the United Soil Classification System
(USCS). The standard penetration test values (N-values) ranged from 5 to 12 blows per foot (bpf)
with an average on the order of 10 bpf. Based on the consistency of the recovered soil samples and
the recorded penetration resistance values, the consistency of the structural fill soils were judged to

typically range from firm to stiff.

Laboratory tests were performed on selected samples of the Stratum I fill soils. Soil plasticity tests
(Atterberg limits) performed on selected undisturbed samples from Borings B-1C through B-3C
indicated Liquid Limits in the range of 35 to 47 and Plasticity Indices in the range of 12 to 19.
Grain size analyses indicated the percentage of material passing the #200 sieve on the above

samples ranged in percent fines (clay and silt) from 79 to 82 percent in the material. These values
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correspond to "CL" type soils, according to the USCS. The natural moisture contents of the

samples tested ranged from 13.6 to 23.9 percent, with an average on the order of 18.8 percent.

A consolidated undrained triaxial shear test with pore pressure monitoring was performed on
an undisturbed (Shelby tube) sample collected from Boring B-1C (from a depth of 12 to 14
feet). The total stress indicated a cohesion of approximately 1,300 pounds per square foot (psf)
and a internal angle of friction (phi) of 23 degrees and effective stress parameters indicating a

cohesion of approximately 20 psf and phi 33 degrees.

Stratum Il — Lean Clay (Alluvium) — Alluvium consisting of silty to sandy, lean clay was
encountered underlying the Stratum I fill materials in the three crest borings and in the three toe
borings. This material extended to depths ranging from about 26 feet in Boring B-1C and the
boring termination depth of 35 feet in Borings B-2C and B-3C and to approximately 12 in Boring
B-2T and the boring termination depth of 15 feet in Borings B-1T and B-3T. This material
consisted of orange brown, gray and tan, silty and sandy, lean clay with some gravel. The soils
were visually classified as “CL” and “CL-ML” type soils, clayey soils of low plasticity, according
to the USCS. The SPT N-values ranged from 5 to 40 bpf with an average on the order of 10 bpf.

The consistency of this material was judged to typically range from firm to stiff.

Laboratory tests were performed on selected samples of the Stratum Il soils. Soil plasticity tests
performed on selected samples from Borings B-1T, B-2C, B-3C and B-3T indicated Liquid Limit
values ranging from 24 to 43 and Plasticity Indices ranging from 7 to 19. Grain size analyses
indicated the percentage of material passing the #200 sieve to consist of 82 percent fines (silt and
clay) in the material. These values correspond to "CL" and “CL-ML” type soils, according to the
USCS. The natural moisture contents of the samples tested ranged from 20.1 to 32.1 percent, with
an average on the order of 18.8 percent.

Stratum 11l — Silty to Gravelly Sand (Alluvium) — Alluvium consisting of silty sand was
encountered underlying Stratum Il in Borings B-1C, B-2C and B-2T. The silty sand material
extended to depths ranging from approximately 27 to 32 feet in the crest borings and to the boring
termination depth of 15 feet in the toe boring. The material consisted of brown and orange brown,
silty sand. The silty sand transitioned into gravelly sand in B-1C in the last 3 feet of the boring,
prior to termination. The soils were visually classified as predominantly “SM” type soils, silty
sands, according to the USCS. The material in the last 3 feet of B-1C was visually classified as

gravelly sand “SW” according to the USCS. The SPT N-values of the silty sand ranged from 5to 7
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bpf, with an average of 6 bpf. The consistency of this material was judged to be loose. The SPT N-
value of the gravelly sand sample obtained was 37 bpf. The consistency of this material was judged

to be dense.

Laboratory tests were performed on selected samples of the Stratum 11 soils. Grain size analyses
indicated the percentage of material passing the #200 sieve on samples obtained from B-1C ranged
in percent fines (clay and silt) from 29 to 31 percent in the material. These values correspond to
"SM" type soils, according to the USCS. The natural moisture contents of the samples tested

ranged from 20.4 to 22.2 percent, with an average of 21 percent.

4.5 GROUND AND SURFACE WATER CONDITIONS

Ground water levels were measured in each of the borings upon completion of drilling. Borings B-
1C and B-2C encountered water at the time of drilling at depths of approximately 25 and 27 feet.
Borings B-2T and B-3T encountered water at the time of drilling at depths of 10 and 12.2 feet.
Ground water conditions at the time of drilling are noted on the Test Boring Records in the
Appendix. Some borings caved-in after completion of drilling to depths where true water levels
could not be taken. Cave-in depths are noted on Test Boring Records, where observed.

451 PIEZOMETER INSTALLATION AND MONITORING

Piezometers were installed in the embankment crest in Borings B-1C and B-3C to monitor
pieziometric levels within the dikes. The depths of the screened intervals were from 25 to 35 feet in
Boring B-1C and from 15 to 25 feet in Boring B-3C, as shown on the Test Boring Records. These
depths were chosen for our monitoring program to gain an understanding the pieziometric levels
within embankment of the dike. It is anticipated that ground water within these zones would have
the greatest impact on the stability of the dike. The results of piezometer readings taken on August
25, 2010 are summarized in Table 2 and are also shown on the Test Boring Records in the

Appendix.

In addition, seeps were not observed during our site reconnaissance or during our exploratory
drilling. Our borings, piezometer monitoring and the lack of signs of seepage indicate that water
infiltration into the existing dike is minimal. The water levels noted in the piezometers indicate that

ground water is present in the foundation soils.
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Table 2. Summary of Piezometer Readings

g Date of Reading
S =1 8/25/10
o = [
- = a Top of Bottom of
3 s e Ground | Piezometer g
2 2 E Elevation | Elevation | & =
S 5 = (o (o g :
E ] e NGVD NGVD w
< 1]
a) o
e
A (ft)
B-1C 8/13/10 | 25-35 1013.7 978.7 13.5 | 1000.2
B-3C 8/13/10 | 15-25 1014.6 989.6 16.4 998.2

Prepared By: VM
Checked By: ALB

4.5.2 POND CONDITIONS

According to the construction drawings provided by KU, the Ash Pond was designed to have a
maximum operating pool elevation of 1,015 feet NGVD (principal spillway riser elevation). The
normal pool elevation for the Ash Pond is 1,009.7 feet NGVD as reported by KU. Topographic
mapping (dated January 2010) shows a water surface elevation of 1,009.9 feet NGVD.
Approximately one quarter of the pond has free water (south portion) and ash is at elevation 1009.9
feet NGVD in the remaining portion of the pond. Hydrographic survey data for this pond was not
provided.

4.6 LABORATORY TESTING

Samples obtained during drilling operations were examined in the field and visually classified by an
engineer. The soils were classified according to consistency or relative density (based on SPT N-
values), color, and texture. These classification descriptions are included on our Test Boring
Records in the Appendix. The classification method discussed above is primarily qualitative; for
detailed soil classification two laboratory tests are necessary: plasticity characteristics and grain size
distribution. Using these test results, the soil can be classified according to the USCS (ASTM
D2487).



Page 15 of 76

KU Pineville Power Station — Fourmile, Bell County, Kentucky September 8, 2010
MACTEC Project Number 3143-10-1317.03 Report of Geotechnical Exploration/Slope Stability Analyses

Laboratory testing was performed on selected samples obtained from our borings. These tests
consisted of natural moisture content, Atterberg Limits (plasticity), grain size analyses, specific
gravity and unit weight determinations. The field classifications, provided on the Test Boring
Records, were adjusted to reflect the results of our laboratory testing. In addition, more
sophisticated laboratory testing was performed to determine the strength of the existing dike

materials. Specifically, we performed the following tests:

34 Natural Moisture Content Determinations

e 7 Atterberg Limits Tests

e 6 Grain Size Distribution Analyses

e 4 Specific Gravity Determinations

e 4 Unit Weight Determinations (Undisturbed samples)
o 1 Triaxial Shear Test with Pore Pressures Monitoring

Detailed descriptions of these tests and the results of our testing are included in the Appendix.
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5. SLOPE STABILITY ANALYSIS
5.1 INTRODUCTION

Based on a cross-sectional spacing interval of approximately 200 to 250 feet and considering the
topography and nature of the exposed slopes observed, MACTEC developed a modeling approach to
assess the global stability of the Ash Pond. Slope stability analyses were conducted using the
computer program PCSTABL, developed by Purdue University. The program uses a two-
dimensional limit equilibrium method of analysis and calculates the factor of safety based on the
Modified Bishop Method of Slices. Our analyses were performed to model the overall stability of the
existing dike including steady-state/maximum surcharge pool (flood conditions), rapid drawdown and
seismic (dynamic) conditions. Note that steady-state and flood conditions were modeled under one
scenario. Three cross-sections (Sections 1 through 3) located along the west and south dikes have
been analyzed, the locations of which are shown on the Boring Location Plan and Slope Stability
Section drawing provided in the Appendix. Modeling of the cross-sections is based on the results of
our exploratory drilling and laboratory testing program, the geometry of the upstream and
downstream slope configurations, the information derived from our file review and our knowledge of

CCW impoundments from past project experience.

The primary guidance documents for the development of our exploration and analyses included:
Kentucky Environment and Energy Cabinet, Water Infrastructure Branch, Dam Safety Division
Guidelines (primarily Engineering Memorandum Number 5 and KAR 401:030 — Design Criteria
for Dams and Associated Structures and “Guidelines for Geotechnical Investigation and Analysis
of New and Existing Earth Dams”) and the U.S. Army Corps of Engineers Engineering Manual
(USACE) EM 1110-2-1902. In addition, the “Engineering and Design Manual” (dated May 2009)
by Mine Safety and Health Administration (MSHA) was referenced for seismic stability analyses.
These guidance documents suggest a Factor of Safety (FOS) of 1.5 for long-term, steady-state
conditions using maximum storage pool (EM 1110-2-1902 suggests a FOS of 1.4 for long-term,
steady-state conditions using maximum surcharge pool); a FOS of 1.2 for rapid drawdown (EM
1110-2-1902 suggests a FOS in the range of 1.1-1.3); and a FOS of 1.0 for seismic conditions
(MSHA suggests a FOS of 1.2 for seismic conditions).
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5.2 GEOMETRY

The slope stability models are based on the geometric slope conditions (interior and exterior slopes)
and the geometry of the subsurface soil strata. As previously stated, the Ash Pond is partially diked
with a side-hill configuration, with approximately 800 linear feet of embankment on the west and
south side of the pond. Our geotechnical exploration and modeling approach focused on the diked
portion of the impoundment, with cross-sections for stability analyses at approximate 200 to 250
foot intervals. The typical crest elevation was reported to be 1,015 feet NGVD. Based on our
interpolation of the boring locations from the provided topographic mapping, we found that the
crest elevation ranges from 1,013.7 feet on the north portion of the west dike (Boring B-1C) to
1,014.6 feet on the east portion of the south dike (Boring B-3C). The typical crest width was
reported to be 12 feet. The reported bottom of pond elevation of 1,000 feet NGVD was used in our
analyses.

The downstream (exterior) and upstream (interior) slope faces were nominally reported to be
2.5H:1V (horizontal to vertical). Based on the topographic data provided, the upstream slopes for
Sections 1 through 3 were observed to range from 2.9H:1V to 5.6H:1V and the downstream slopes
ranged from 1.8H:1V to 4.1H:1V. The upstream slopes below the current water or ash levels were
projected from the topographic data obtained in the field at each cross-section location from the
portion of the upstream slope above the water/CCW level down to the bottom of pond elevation of
1,000 feet NGVD. Due to the variation in slopes observed, the specific topographic survey data at
each cross-section location was used for modeling of that section. Slopes used for each section model

are summarized in the Results of Slope Stability Analyses summary table located in the Appendix.

In addition to the upstream and downstream slopes, crest width and height, the geometry (layering) of
the subsurface soil strata were developed for modeling purposes. Layering of the subsurface soils was
based on the borings advanced at each cross-section location. One crest boring and one toe boring

were used to extrapolate the geometry of the soil layer.

In general, the dike was constructed of silty to sandy clay fill reportedly excavated from a nearby
borrow area (as shown on the design drawings provided by KU). The clay fill was placed
overlying existing alluvial soils comprised predominately of clay with some sandy soils.
Descriptions of the embankment and foundation soils are summarized in Section 4.4 of this report and
detailed descriptions at each cross-section analyzed are shown on the Test Boring Records in the

Appendix.
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5.3 SOIL PARAMETER SELECTION

Once the cross-sections and soil layering were determined, each layer was assigned certain strength
parameters required by the modeling software, including unit weight, saturated unit weight, cohesion
and internal angle of friction (phi angle). Soil parameters (shown in Table 3 below) selected for the
slope stability analyses were chosen based on various resources including the results of the laboratory
testing described above, field testing and observations, published information on similar soil types
and our experience. The soil strength parameters selected for each cross-section analyzed are shown
on the PCSTABL plots in the Appendix.

From a stability modeling standpoint, the soil strata identified in Section 4 were categorized into
layers (represented as “Soil Type No.” in the modeling software) based on consistency or relative
density, for modeling purposes. Additionally, based on our past experience with CCWs and
published data, we assigned classification and strength test values for the CCW (Soil Type No. 5 in
Table 3).

Table 3. Soil Parameters

Soil Soil Unit Weight Effective Stress
T|\}|/§ ® | Description Total | Saturated | Cohesion C’ | Friction Angle
(pcf) (pcf) (psf) &’ (degrees)
1 CL (fill) 125 130 20 33
2 CL (alluvium) 125 130 0 30
3 SM (alluvium) 128 132 0 28
4 SW (alluvium) 135 140 0 37
5 CcCcw 90 95 0 30

Calculated By: ALB
Checked By: NGS

5.4 PIEZOMETRIC SURFACES

Based on our borings and piezometer readings, the penetration of water from the impoundment into
the existing dike appears to be minimal and the ground water table appears to be at or near the base
of the embankment, within the foundation soils. For modeling purposes, water level readings

obtained from the piezometers installed in the crest were used to model piezometric surfaces that
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extended across the pond through the embankments to simulate a “worst case” condition. Water

levels in the installed piezometers are shown on the attached Test Boring Records.

For all three modeling scenarios, the unit weight of water contained within the pond was modeled
as 62.4 pounds per cubic foot (pcf). For the steady-state/maximum surcharge pool (flood)
conditions, the pool elevation was modeled to be equal to the crest elevation in our analyses
(ranging from 1,013.7 to 1,014.6 feet). While that scenario is unlikely to occur and does not
necessarily represent long term, steady-state conditions, it conservatively models a flood or “worst
case” condition. For the rapid drawdown scenario, we modeled the pool elevation dropping rapidly
from the long-term, steady-state condition (maximum flood condition) from the crest elevation to
the bottom of pond elevation of 1,000 feet NGVD. The water surface was also taken from the top
of crest elevation in the seismic (dynamic) condition. All three of these scenarios conservatively

employ a “worst case” water level elevation.

5.5 SEISMIC CONDITIONS

Seismic conditions for this site were modeled under dynamic loading conditions using a peak
ground acceleration value of 0.126g (horizontally) for a 2 percent probability of exceedance in 50

years. The value was obtained from published guidance based on the site location.

5.6 RESULTS OF ANALYSIS

The results of the analyses for each cross-section selected are shown in the Results of Slope Stability
Analyses summary table included in the Appendix to this report. In addition, the PCSTABL Plots
showing the models and probable failure circles are also included in the Appendix. Based on the
guidance documents previously referenced, a slope stability target FOS for dam embankments of
1.5 is recommended for long-term, steady-state (effective stress) stability; a FOS of 1.4 is
recommended for maximum surcharge pool/flood (effective stress) conditions; n FOS of 1.2 is
recommended for rapid draw-down (effective stress) conditions and an FOS of 1.0 (FOS of 1.2 per
MSHA guidance) is recommended for seismic (dynamic) loading (effective stress) conditions. Our
analyses, performed using the parameters and geometry described above, indicate that the three
cross-sections analyzed exceed the target factors of safety provided in the guidance criteria
referenced herein. The ranges in values (minimum and maximum) for the upstream and

downstream models, under all three conditions are summarized in the following table.
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Table 6. Summary of Slope Stability Analyses

Target Long-term, Steady- Rapid Seismic
Slope State/Flood Conditions Drawdown
Min Max Min Max Min Max
Upstream 3.6 4.0 1.8 2.0 1.6 1.8
Downstream 1.6 2.3 1.6 2.3 1.2 1.6

Calculated By: ALB
Checked By: NGS

Based on our modeling, the lowest factors of safety were observed for the downstream model of
Section 1. The models for this section had the lowest factors of safety indicating that Section 1 is
the most “critical” cross-section, yet still yields factors of safety exceeding the regulatory
guidelines. Based on the geometry, Section 1 exhibits the steepest downstream slope (1.8H:1V)
relative to the other sections modeled, which attributes to the lower factor of safety. Of the three
scenarios analyzed, the seismic (dynamic) scenario yielded the lowest factor of safety. Given that
this scenario was modeled under “worst case” conditions using a water surface equal to the crest
elevation (approximately 4 feet higher in elevation than normal pool), it can be deduced that the
factor of safety would increase if the normal pool elevation is applied to the seismic scenario.
Further, published guidance suggests a target FOS of 1.0 for seismic scenarios and the target
seismic FOS of 1.2 (as published by MSHA) was used in these analyses.
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6. CONCLUSIONS

Based on our knowledge of the site gained through our field review of historic documents,
drawings and photographs, along with our extensive exploratory drilling, field and laboratory
testing programs and the results of our stability analyses, we have concluded that the Ash Pond is
structurally stable from a geotechnical standpoint. The results of the slope stability analyses
indicate that the three cross-sections analyzed along the 800 feet of embankment meet or
exceed the targeted factors of safety as set forth by the Kentucky Environment and Energy
Cabinet, Water Infrastructure Branch, Dam Safety Division Guidelines (primarily Engineering
Memorandum Number 5 and KAR 401:030 — Design Criteria for Dams and Associated
Structures and “Guidelines for Geotechnical Investigation and Analysis of New and Existing
Earth Dams”), the U.S. Army Corps of Engineers Engineering Manual (USACE) EM 1110-2-
1902 and the “Engineering and Design Manual” (dated May 2009) by Mine Safety and Health
Administration (MSHA).

6.1 BASIS FOR CONCLUSIONS

The conclusions provided are based in part on project information provided to MACTEC and only
apply to the specific project and site discussed in this report. If the project information section in
this report contains incorrect information or if additional information is available, you should
convey the correct or additional information to us and retain us to review our conclusions. We can

then modify our conclusions if they are inappropriate for the project.

The assessment of site environmental conditions or the presence of contaminants in the soil, rock,

surface water or ground water of the site was beyond the scope of this exploration.

Regardless of the thoroughness of a geotechnical exploration, there is always a possibility that

conditions between borings will be different from those at specific boring locations.

We wish to remind you that our exploration services include storing the samples collected and
making them available for inspection for 60 days. The samples are then discarded unless you

request otherwise.
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